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Background: “Timed up-and-go” (TUG) test is a clinical assessment commonly used to quantify func-
tional mobility and fall risk in older adults. While the concept of the test is simple, procedural variations
can signiﬁcantly impact the reliability and the performance. The purpose of the study was to determine
the inﬂuence of speciﬁc procedural factors on the testeretest reliability and TUG test performance in
older adults.
Methods: Adults over the age of 60 years (N ¼ 83, mean age, 69.3 ± 6.9 years; range, 60e91 years)
participated. The procedural factors examined included: (1) timing method (handheld stopwatch vs. load-
based timing); (2) distances of test (3m, 6m, and 9m); and (3) seat height (standard vs. individual speciﬁc).
Testeretest reliability obtained from each combination of timing and distance was evaluated. The inter-
action of seat-height settings and the stature of the participant on TUG performance was investigated by
comparing the TUG performance of short and tall participants in the two seat-height settings.
Results: Timing method and walking distance modestly inﬂuenced the TUG test reliability. The current
standard procedure (stopwatch timing and 3-m distance) yielded the lowest but acceptable reliability
(intraclass correlation coefﬁcient ¼ 0.887). Taller individuals exhibited signiﬁcantly better TUG perfor-
mance when individualized seat heights were used in comparison with the standard lower seat height.
The inﬂuence of seat height was not as pronounced in shorter individuals.
Conclusion: Seat height is an important procedural factor affecting the performance of the TUG test,
especially in older adults who are taller. Load-based timing may be used to improve the consistency of
the TUG performance assessment.
Copyright © 2016, Taiwan Society of Geriatric Emergency & Critical Care Medicine. Published by Elsevier
Taiwan LLC. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).1. Introduction
The “timed up-and-go” (TUG) test is one of the most widely
used clinical assessments for mobility performance. This quanti-
tative test1 has been widely used as the gold standard for assessing
functional mobility and fall risks in older adults2e5. Over the past
3 decades, the TUG test has been validated and applied in many
different populations, including those affected by orthopedic6,
neurological conditions7e10, cognitive impairments11, and chronic
diseases12.re that they have no conﬂicts
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es/by-nc-nd/4.0/).While the test is widely used for the geriatric population, some
limitations of the test have been identiﬁed. For example, in a study
testing 1115 older adults, Rockwood et al11 reported that the TUG
test exhibited poor testeretest reliability. In direct contrast to many
other studies demonstrating good reliability of the test, this ﬁnding
showed that it can be a challenge to achieve consistent test results
when the test is applied to individuals with awide range of physical
capacities in different testing environments. The authors suggested
that one of the causes underlying the observed inconsistency may
be the procedural variability in administering the test.
The appeal of the TUG test as a clinical assessment stems from
its brevity and the minimal requirements of time and equipment.
The test is comprised of timing how long it takes a patient to rise
from a seat, walk 3 m, turn around, walk back to the seat, turn
around, and return to the seated position. While the procedure is
simple, several possible sources for error exist. Firstly, there is no
general agreement or speciﬁc instruction on how the timing of theicine. Published by Elsevier Taiwan LLC. This is an open access article under the CC
S.-P. Lee et al.38task should be performed. For example, in Podsiadlo and Richard-
son's1 original paper, they described: “… on the word ‘go’, he is to
get up and walk… return to the chair, and sit down again. Either a
wrist-watch with a second hand or a stop-watch can be used to
time the performance.” This instruction is not clear whether the
timing should be started at “go”, or when the patient initiates the
“get up” movement, or when the patient is up fully. Lacking stan-
dardized instruction on how to time the performance, clinical
testers often have to operationally decide when to start and stop
timing. This can be a signiﬁcant source of error, since older adults
usually take much longer and sometimes several tries to complete
the “get up” and “sit down” movements. For a walking test that
typically takes only 7.1e12.7 seconds to complete13, small varia-
tions in timing can have a large effect on the test reliability. In
addition, because the standard walking distance (3 m) and the time
to complete the test are short, the effect of slight timing error is
augmented. For example, a timing error of 1 second would intro-
duce proportionately greater error to a test that takes 10 seconds to
complete (10% error) versus a test that takes 20 seconds to com-
plete (5% error). It is reasonable to believe that a slightly longer
walking distance may improve the consistency and reliability of the
test.
Lastly, the original testing procedure indicated that “a stan-
dard arm chair (approximate seat height of 46 cm)” should be
used1. However, in clinical practice the test is often administered
with any chair available with little concern for how the seat
height may inﬂuence the TUG performance. This can be prob-
lematic as taller individuals may ﬁnd the chair of choice to be too
low and difﬁcult to rise up from, while shorter individuals may
ﬁnd it easier to get up from the same chair. Biomechanically, it
has been shown that the required knee extensor moment is
signiﬁcantly greater when a person rises from a lower seated
position versus a taller position14. As rising up is part of the TUG
test, it is important for clinicians to understand the impact of seat
height and patient stature on TUG performance. To the best of our
knowledge, the inﬂuence of seat height on TUG performance has
not been evaluated.
The purpose of the study was to evaluate the impact of proce-
dural factors (timing method and walking distance) on the reli-
ability of the TUG test in older adults. Additionally, we investigated
the impact of seat height and patient stature on the TUG perfor-
mance. We hypothesized that an instrumented timing method and
longer walking distances would yield greater measurement reli-
ability. We also hypothesized that seat-height settings would in-
ﬂuence the TUG performance in older adults.Figure 1. The instrumented, height-adjustable stool used in the study.2. Materials and Methods
2.1. Patients
A sample of convenience of persons over the age of 60 years
(N ¼ 83, Mage ¼ 69.3 years, range, 60e91 years), including 26 men
and 57 women, were recruited from local community centers.
Participants were enrolled if they were able to walk at least 50 m
without help from others. Participants were excluded if they pre-
sented with any of the following: (1) inability to understand and
follow the verbal instructions given by the investigators regarding
the test procedures; (2) injuries which cause pain and/or inability
to walk for more than 50 m; or (3) concurrent health conditions
that impaired their ability to safely perform light physical activities.
Prior to participation, the objectives, procedures, and risks of the
study were explained in detail. Informed consent as approved by
the University of Nevada, Las Vegas, Biomedical Institutional Re-
view Board was obtained from each participant.2.2. Instrumentation
An instrumented stool was custom fabricated (Figure 1). The
stool composed of a seating surface, a strut system, and a base. The
strut system allowed adjustment of the total seat height from 27 cm
to 60 cm. A force platform (PS-2142, PASCO Scientiﬁc, Roseville, CA,
USA) was attached to the base to monitor the magnitude of normal
force load. During data collection, force data were streamed digi-
tally via a universal serial bus interface (PS-2100A, PASCO Scienti-
ﬁc) to a computer with the acquisition software (DataStudio
version 1.9.8r10, PASCO Scientiﬁc) at a sampling rate of 100 Hz. The
force platformwas factory calibrated and zeroed prior to each data
collection session. The conventional timing was done by a trained,
reliability-proven tester using a standard handheld digital stop-
watch sensitive to 0.01 seconds.
2.3. Procedure
Data collection was conducted on the campus of the University,
or at a local community center. Each participant's sex, age, weight,
height, and general health information was obtained. For the pur-
pose of examining the inﬂuence of procedural factors on the
testeretest reliability, a subset of 15 participants was tested in two
sessions on 2 different days. The sessions were between 1 day and
10 days apart. The selection of these participants was based on their
willingness and availability to be retested.
Three procedural factors were investigated: (1) timing method
(handheld stopwatch vs. load-based timing); (2) walking distance
(3 m, 6 m, or 9 m); (3) and seat height (standardized vs. individual
speciﬁc). The 6-m and 9-m distances were chosen in addition to the
standard 3 m because the increases in distance would not require a
drastic increase in testing space. Each participant was tested for
walking distances (3 conditions) and seat heights (2 conditions) for
a total of six combinations. Load-based timing and stopwatch
timing were done simultaneously, while three trials were collected
from each combination of the distance and seat-height conditions.
Preliminary testing was conducted to ensure that our participants,
adults older than 60 years, could tolerate the data-collection pro-
cedure without developing excessive fatigue. We found that the
duration of a complete data collection session would take less than
25 minutes including ample rest time between trials.
Figure 2. Illustration of a participant performing the timed up-and-go movements.
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demonstrated to the participant by one investigator. The partici-
pants then performed two practice trials supervised by the in-
vestigators. This was to ensure that the participant understood the
procedure and could perform the task safely.
2.4. Timed up and go testing
The participant was asked to start by sitting still on the stool
with both feet ﬂat on the ﬂoor. The standard 46-cm seat height was
used for this ﬁrst phase of the testing. The investigator signaled theFigure 3. Force trace from the instrumentestart of the test by saying “Ready? Go.” On “go,” the participant was
instructed to rise up from the stool, walk the predetermined dis-
tance toward a target at a comfortably fast pace, turn around, then
walk back toward the stool, turn around again, then sit down
(Figure 2). The time it took to complete the test (from rising up to
sitting down) was measured by the same investigator using a
handheld stopwatch and simultaneously by the instrumented
stool. Speciﬁcally for the load-based timing, the instant of rising up
was deﬁned as when 90% of the participant's seated weight was
removed from the seat; when 90% of the seated weight was
replaced onto the seat, the participant was determined to be seatedd stool during a timed up-and-go trial.
Table 1
Demographic and anthropometric characteristics of the participants.
Sex Age (y) Height (m) Body mass (kg) BMI (kg/m2)
All participants (n ¼ 83)
Male ¼ 26
Female ¼ 57
69.3 (6.9)
(60e91)
1.68 (0.09)
(1.50e1.90)
78.3 (20.1)
(49.8e155.4)
27.7 (6.0)
(18.7e50.6)
Subset of participants in the testeretest reliability analysis (n ¼ 15)
Male ¼ 5
Female ¼ 10
65.0 (4.9)
(60e79)
1.71 (0.12)
(1.51e1.90)
82.7 (25.3)
(50.9e130.1)
28.0 (6.3)
(18.7e41.8)
Data are presented as mean (standard deviation) and (range).
BMI ¼ body mass index.
Table 3
Comparison of timed up-and-go test time between standard seat height (46 cm) and
individualized seat height.a
Distance Seat height
Standard (46 cm) Individualized p
3 m 7.81 (2.52) 7.56 (2.50) 0.001
6 m 11.69 (3.73) 11.56 (3.71) 0.093
9 m 15.48 (4.69) 15.36 (4.84) 0.212
Data are presented as mean (standard deviation).
a n ¼ 83; unit ¼ seconds.
S.-P. Lee et al.40(Figure 3). For the stopwatch timing, the tester was trainedwith the
standard procedure as described in Podsiadlo and Richardson's1
original paper. The performance for each trial was not revealed to
the participant at the time of testing. The participants could use
their customary walking aid during the test, but physical assistance
from other people was not permitted. The participants were
allowed to push on their knees, the seat, or the assistive device if
such a maneuver was necessary. If an assistive device was used, the
participant was required to use it for all testing trials. A total of nine
trials were collected in this phase with the standard 46-cm seat-
height setting.
After completing the ﬁrst phase, investigators adjusted the
height of the seat to allow each participant to achieve a sitting
posture of 90 of knee ﬂexion with the ankle in neutral and both
feet ﬂat on the ﬂoor. Participants were not restricted to start the test
from this speciﬁc sitting posture; it was only used to achieve the
individual-speciﬁc seat heights. After the seat height adjustment
was made, the participant repeated the exact same procedure as in
the ﬁrst phase to obtain another nine trials with the individualized
seat-height setting.Table 4
Inﬂuence of stature on timed up-and-go (TUG) performance from different seat-
height settings.
Stature group TUG performance difference
(standard-seat height to
individualized-seat height; s)a
Individualized-seat
height (cm)
Short n ¼ 13
(Mheight ¼ 1.55 m)
0.02* 43.2 (1.9)
Tall n ¼ 15
(Mheight ¼ 1.73 m)
0.35* 47.2 (1.8)
Data are presented as mean (standard deviation).
* Signiﬁcant difference (p ¼ 0.038, 95% conﬁdence interval from 0.71 to 0.02);
this indicated that the short and tall participants responded to the two seat heights
differently.
a Positive difference values indicate longer time to complete the timed up-and-go
task in the standard than in the individual-speciﬁc seat height condition.2.5. Statistical analysis
The average time from three trials in each procedural combi-
nation was used for analysis. Intraclass coefﬁcient of correlation
was computed to assess the testeretest reliability. Standard errors
of measurement were also computed to facilitate the interpretation
of the reliability measures15.
To investigate the inﬂuence of seat height on TUG performance,
paired sample t tests were used to compare the TUG performance
obtained from the standard and the individualized seat height
across the three walking distances. To further investigate the effect
of seat height on TUG performance in individuals with different
stature, participants in the lower quartile of stature were deﬁned as
the short group (n ¼ 13), and those in the upper quartile were
deﬁned as the tall group (n ¼ 15). We chose to investigate the fe-
male participants only to prevent the bias of having more males in
the tall group. An independent t test was conducted to compare
between the short and tall groups' TUG performance differences
between using the standard and the individual-speciﬁc seat height.Table 2
Effects of timing methods and walking distance on timed up-and-go testeretest reliabil
Distance
Handheld stopwatch
ICC3,3 SEM (s) MDD95 (
3 m 0.887 (0.675e0.962) 0.87 2.41
6 m 0.950 (0.850e0.983) 0.84 2.33
9 m 0.960 (0.881e0.986) 0.96 2.66
ICC ¼ intraclass correlation coefﬁcient (95% conﬁdence interval); MDD95 ¼ minimal dete3. Results
Demographic and anthropometric information of the partici-
pants are presented in Table 1. Among the combinations of timing
method and walking distance, the reliability was lowest when
timingwas done using a handheld stopwatch with the 3-mwalking
distance (intraclass coefﬁcient of correlation ¼ 0.887, conﬁdence
interval ¼ 0.675e0.962; Table 2).
Comparing the TUG performance between the standard and
individualized seat heights within participants, the participants
required a signiﬁcantly longer time to complete the tests when the
standard seat-height setting and 3-m walking distance were used
(p ¼ 0.001; Table 3). When assessing the inﬂuence of stature and
seat-height settings on TUG performance, we observed that the
short and tall groups responded to the seat-height settings differ-
ently (p ¼ 0.038; Table 4). Speciﬁcally, when performing the TUG
using the individualized seat height, individuals in the tall group
exhibited a 0.35-seconds faster time thanwhen the standard 46-cm
seat height was used.4. Discussion
Our results demonstrated that the current standard clinical
procedure (stopwatch timing and 3-m walking distance) yieldedity.
Timing method
Load-based timing
s) ICC3,3 SEM (s) MDD95 (s)
0.985 (0.956e0.995) 0.31 0.86
0.972 (0.916e0.991) 0.62 1.72
0.968 (0.906e0.989) 0.84 2.33
ctable difference with 95% conﬁdence interval; SEM ¼ standard error of the mean.
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and participant stature had a small but perhaps important inﬂu-
ence on the performance of the TUG test. Speciﬁcally, performance
was negatively impacted for those who were taller sitting in a low
seat height, and this impact was not as pronounced for shorter
individuals.
The reliability analyses revealed that the load-based timing
method yielded generally better reliability than the handheld
stopwatch method. This indicated that in situations where exact
rising and sitting instances cannot be clearly determined, a
criterion-based timing method may be more appropriate. When
the handheld stopwatchmethodwas used for timing, the reliability
was higher with a longer walking distance. This result conﬁrmed
our hypothesis that a longer walking distance can improve the
consistency of the measurement.
The standard errors of measurement from the TUG procedures
examined in this study exhibited a range from 0.31 seconds to
0.96 seconds. Correspondingly, the minimal detectable difference
(MDD95) ranged from 0.86 seconds to 2.66 seconds. The variability
of the measured TUG performance resided primarily in how the
timing was conducted, and it was demonstrated that the load-
based timing method produced smaller standard errors of mea-
surement and MDD values due to the higher reliability. This result
has clinical signiﬁcance as previous studies have demonstrated that
theMDD values range from 2.9 seconds in older adults with chronic
stroke16 to 3.5 seconds in those with Parkinson's Disease17. The
magnitude of improvement in MDD from our results indicated that
it may be possible to improve the detection of mobility perfor-
mance differences in older adult patients with neurological con-
ditions by adapting a more consistent timing method.
It is intuitive that rising up from a low seated position would be
more difﬁcult. Biomechanically, it has been shown that the required
knee extensor moment is signiﬁcantly greater when a person rises
from a lower seated position versus a taller position14. As rising up
is part of the TUG test, it is important to understand how seat
height and stature affect TUG performance. This issue has been
discussed for other clinical tests. For example, Hughs et al18
demonstrated that the knee extensor strength is the most impor-
tant limiting factor that prevents older adults from rising from a
low chair. They demonstrated that older adults use signiﬁcantly
more of their available knee extensor strength to rise from a chair
than younger adults. Similarly, Ng et al19 reported that in the “ﬁve
times sit-to-stand test,” a seat height lower than knee height
resulted in poorer performance in patients with cerebral stroke.
In the current study, we demonstrated that there is a small but
signiﬁcant difference in TUG performance between the standard
46 cm and the individual-speciﬁc seat height. On average, partici-
pants took signiﬁcantly longer (0.25 seconds) to complete the test
when the standard seat height was used. It is important to keep in
mind that most of our participants were community walkers with
no serious mobility deﬁcits. This difference may be much larger in
individuals with a more severe disability.
To further illustrate the differential impacts of seat height and
participant stature on TUG performance, we investigated the per-
formance difference between the standard and individualized seat
heights in the shorter and taller female participants. Not surpris-
ingly, we found that the taller individuals' performances were
impacted by a signiﬁcantly larger extent. The tall group's
(Mheight ¼ 1.73 m) individualized seat height was on average
47.2 cm, and it was 43.2 cm in the short group (Mheight ¼ 1.55 m). It
may appear to be a small difference, but our data showed that it
made a signiﬁcant difference even in our relatively healthy cohort.
For example, one individual in the tall group showed a 19%improvement in TUG performance using the individualized seat
height that was merely 3-cm higher. Interestingly for the shorter
individuals, the higher standard seat height did not seem to
improve their performance. From these results, we postulate that
the inﬂuence of seat height is greatest when an individual is tall and
had to sit in a low positionwhere the knee angle is greater than 90.
This study has a number of limitations. While the older adult
participants in this study spanned a large range of age and phys-
ical status, we were limited in that most of our participants were
likely higher functioning, community-dwelling individuals due to
our recruiting from the local community centers. Secondly, we
evaluated the effects of stature based only on the length of the
lower leg. Other factors such as femur and trunk length and the
body mass distribution may also impact the ability of a person to
get up. Thirdly, even though our ﬁndings suggested that the
instrumented timing may yield higher test reliability and that seat
height can impact the TUG performance in older adults with
speciﬁc stature, additional development of the instrument is
necessary before we can recommend clinical implementation. We
propose that future development should focus on accruing
normative data in different patient populations using the instru-
mented timing procedure and to develop a more clinician-friendly
and cost-effective interface.Acknowledgments
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